Sequence variations in the triggering receptor expressed on myeloid cells 2 (TREM2) have been linked to an increased risk for neurodegenerative disorders such as Alzheimer's disease and frontotemporal lobar degeneration. In the brain, TREM2 is predominantly expressed in microglia. Several disease-associated TREM2 variants result in a loss of function by reducing microglial phagocytosis, impairing lipid sensing, preventing binding of lipoproteins and affecting shielding of amyloid plaques. We here investigate the consequences of TREM2 loss of function on the microglia transcriptome. Among the differentially expressed messenger RNAs in wildtype and Trem2 À/À microglia, gene clusters are identified which represent gene functions in chemotaxis, migration and mobility. Functional analyses confirm that loss of TREM2 impairs appropriate microglial responses to injury and signals that normally evoke chemotaxis on multiple levels. In an ex vivo organotypic brain slice assay, absence of TREM2 reduces the distance migrated by microglia. Moreover, migration towards defined chemo-attractants is reduced upon ablation of TREM2 and can be rescued by TREM2 reexpression. In vivo, microglia lacking TREM2 migrate less towards injected apoptotic neurons, and outgrowth of microglial processes towards sites of laser-induced focal CNS damage in the somatosensory cortex is slowed. The apparent lack of chemotactic stimulation upon depletion of TREM2 is consistent with a stable expression profile of genes characterizing the homoeostatic signature of microglia.
Introduction
Neurodegenerative diseases share common pathological and mechanistic principles. The most obvious common denominator are insoluble deposits formed by misfolded proteins, which are usually highly expressed in affected cells or in affected areas of the central nervous system (CNS) [1] . Furthermore, for several neurodegenerative diseases, evidence exists that soluble oligomers, which may be rather stable intermediates of the aggregation process of amyloidogenic proteins, are the executers of neurotoxicity [2] . Onset and progression of individual neurodegenerative diseases are also driven by shared seeding and spreading mechanisms, which were originally described and thought to be specific to prion disorders [3] . However, the most commonly shared pathological principle of basically all neurodegenerative diseases and many other neurological disorders is gliosis associated with an inflammatory response [4] . The critical role of the inflammatory response in neurodegeneration is strongly supported by the genetic linkage of sequence variants in the triggering receptor expressed on myeloid cells 2 (TREM2), which are associated with an increased risk for several neurodegenerative disorders including Alzheimer's disease (AD), frontotemporal lobar degeneration (FTLD), Parkinson's disease, FTLD-like syndrome and Nasu-Hakola disease [5] [6] [7] [8] [9] [10] [11] [12] [13] . Within the nervous system, TREM2 is predominantly expressed in microglia [14, 15] , the resident immune cells of the brain. Microglia are known to rapidly respond to neuronal insults and pathological protein deposits in the brain by increased chemotactic migration, cytokine release, phagocytosis and proliferation (for review see [16] ). TREM2 is a type-1 transmembrane protein, which is shed on the cell surface [17, 18] . Certain disease-associated sequence variants, which are located in the immunoglobulin-like domain of TREM2, affect correct folding and lead to the retention of the misfolded protein within the endoplasmic reticulum [17] and consequently a reduction of its cellular functions such as phagocytosis, proliferation, pro-survival signalling, lipid sensing, ApoE binding and release of cytokines [17, [19] [20] [21] [22] [23] . Lack of cell surface TREM2 can be assessed in humans by quantitative analysis of soluble TREM2 (sTREM2) within biological fluids [17, [24] [25] [26] . Indeed, patients with a homozygous TREM2 p.T66M mutation have no detectable sTREM2 in blood and cerebrospinal fluid (CSF) [17, 25] . Moreover, increased levels of CSF sTREM, as it is observed in early stages of AD, may reflect a protective activation response of microglia [24, 27] . Neuropathological consequences of a loss of TREM2 function have been detected in mouse models for AD-like plaque pathology. In such models, reduced Trem2 function consistently led to reduced clustering of microglia around amyloid plaques [28] [29] [30] [31] . As a consequence, a diffuse type of amyloid plaques accumulates, which may be due to reduced phagocytic clearance of the plaque halo [29] . Alternatively, reduced barrier function may lead to enhanced amyloid plaque growth and as a consequence increased disease progression [30] . Indeed, such diffuse plaques, which accumulate in mice deficient of Trem2, are associated with severe axonal dystrophy [29, 30] . Together, these findings suggest that disease-associated TREM2 mutations affect disease onset due to a loss of function. We therefore compared the transcriptome of microglia derived from wild-type (WT) or Trem2 knockout (Trem2 À/À ) mice with the aim to identify gene clusters pinpointing to a pivotal TREM2-dependent function.
Results

Trem2 deficiency affects expression profiles of genes involved in chemotaxis
To address the impact of a Trem2 loss of function on microglial gene expression, we isolated microglia from brains of adult WT and Trem2 À/À mice by fluorescence-activated cell sorting (FACS) using anti-FCRLS and anti-CD11b antibodies [15] . Microglia were analysed for changes in their transcriptional profile using NanoString-based chips containing 482 microglia-enriched genes [15] . Gene expression levels in each sample were normalized against the geometric mean of six housekeeping genes including Cltc, Gapdh, Gusb, Hprt1, Pgk1 and Tubb5. Within the set of 482 genes analysed, more than half them were unchanged, 88 were upregulated and 34 were downregulated (Dataset EV1). A scatter plot of the normalized and averaged gene expression levels from Trem2 À/À mice against WT mice demonstrates that none of the genes show a fold change greater than two but several genes indicate a fold change of < 0.5 ( Fig 1A) . We then performed a gene ontology pathway analysis. This revealed clusters of dysregulated genes (Fig 1B) that were associated with chemotactic motility, wounding and cytokine response (Table 1 and Dataset EV3). Literature searches pointed out that specifically, the downregulated genes Ccl2, Il1b, Tnf and Spp1 of the category cell motility (Table 1) are putative direct targets of Trem2 [20, 32, 33] . Furthermore, application of pathway enrichment analysis separately to significantly up-and downregulated genes from the NanoString-based screen revealed that in particular, downregulated genes contribute to chemotaxis and migration (compare the top significant functional categories of Datasets EV1 and EV2). Significantly downregulated genes (e.g. Il1b, Vegfa) involved in chemotaxis and migration are highlighted in Fig EV1. To validate a potential impact of Trem2 loss of function on chemotactic migration, we used independent in vitro, ex vivo and in vivo approaches.
Trem2 deficiency impairs chemotaxis in organotypic slice cultures
First, we utilized our recently established ex vivo assay [34] of coculturing of young (P5) WT and old (12-14 months) APPPS1 [35] organotypic brain slices. This assay allows the quantitative investigation of chemotactic migration of young microglia towards injured and dying tissue derived from APPPS1 mice (Fig 2A) . Microglia were visualized using Cx3cr1-GFP [36] as a microglia reporter as well as staining of CD68 (Fig 2A) and analysed after 7 days in vitro (DIV). Baseline migration of CD68-positive cells was observed, when slices from young WT mice were cultured alone, and was significantly reduced when brain slices were prepared from young Trem2 À/À mice ( Fig 2B; for quantification see Fig 2D) . Upon coculturing of young WT slices with brain slices derived from old APPPS1 mice, the distance migrated by CD68-positive cells increased significantly (Fig 2C; for quantification see Fig 2D) . This is in striking contrast to CD68-positive cells devoid of Trem2. Here, the distance migrated was significantly less and no different to that observed when young tissue was cultured alone (Fig 2C and D) . This suggests that the old dying tissue may provide chemotactic signals, which attract WT-but not Trem2-deficient microglia and 
Trem2 deficiency decreases migration towards defined chemo-attractants
To specifically investigate the migration capacity towards defined chemo-attractants, we took advantage of a transwell assays [37] . Trem2 is known to act via phosphorylation and activation of Syk [38] . We therefore tested whether inhibition of Syk activation in the N9 microglia cell line [39] might affect their response to chemokines in a transwell assay. Indeed, migration was almost entirely blocked when N9 microglia were pre-incubated with the general tyrosine kinase inhibitor genistein or the Syk-selective inhibitor piceatannol ( Fig 3A) . Next, we used a CRISPR/CAS9-modified N9 line, which completely lacks Trem2 expression [40] to address whether Trem2 loss of function affects the response to chemotactic stimuli. Using either CCL2 or C5a as chemotactic stimulus, we observed a significantly decreased migration of Trem2-deficient N9 microglia towards both chemotactic stimuli (Fig 3B and C) . Importantly, re-expression of mouse Trem2 in the Trem2-deficient cell line fully rescued the chemotactic response towards C5a (Fig 3D and E) .
Trem2 deficiency impairs chemotactic migration towards apoptotic neurons in vivo
As the innate immune cells of the brain, microglia are the first cells to respond to neuronal damage [16, 41] . To test whether the chemotactic deficit that we observed in vitro and ex vivo can be recapitulated in vivo, we measured the ability of microglia to migrate towards apoptotic neurons injected into the brain. Apoptotic neurons are an important hallmark of neurodegeneration, and they are known to release "find-me" signals to attract phagocytes [42, 43] . We stereotactically injected Alexa fluor-488-labelled apoptotic neurons in the cortex of adult WT and Trem2 À/À mice.
Brains were fixed 6 h postinjection and stained with the microgliaspecific antibody anti-P2ry12 [15] . WT microglia were attracted to and accumulated around the injected dead neurons as early as 6 h postinjection ( Fig 4A) . In contrast, we observed a significant reduction in the number of clustered microglia around apoptotic neurons in the absence of Trem2 (Fig 4B; for quantification see Fig 4C) . This confirms a critical role of Trem2 in the attraction of microglia towards sites of neuronal injury in vivo.
Trem2 deficiency affects outgrowth of microglia processes
Finally, we investigated whether microglia lacking Trem2 are still capable to respond to CNS tissue injury via rapid extension of their processes. To allow in vivo imaging of process extension, we crossed WT and Trem2 À/À mice with mice expressing green fluorescent protein (GFP) under the control of the Iba1 promoter [44] . In the WT-and Trem2-deficient offspring, we induced a focal CNS damage in the somatosensory cortex using a focussed laser beam [45] [46] [47] and acquired time-lapse images of the microglial response using in vivo two-photon microscopy ( Fig 5A) . We then determined the speed of the microglial process extension towards the lesion site (Fig 5A-C ). This revealed a significant delay in the response of Trem2 À/À microglia close to the injury (immediate area) but not further away (intermediate and distant areas; Fig 5B; for quantification Fig 5C) confirming that the ability of Trem2-deficient microglia to react to nervous system damage is reduced in vivo.
Trem2-deficient microglia display a homoeostatic mRNA signature
Systems biological studies revealed a homoeostatic physiological mRNA signature [15] , which is distinct from mRNA profiles of microglia in neurodegenerative diseases [48, 49] . In mouse models INPP5d, CSF3R, DST, P2RY6, PROS1, LIMK1, ABI3, GAB1, SLC7A8, TGFBR1,  GAS6, TGFBR2, MERTK, ICAM1, TNFRSF11A, TGFB1, RGMB, SEMA4D, FSCN1   TREM2, CCL2, IL1B, ITGAX, PTPRM, VEGFA, CNTN1, SPP1,  CXCL16, APOE, TNF, CSF1, PGRMC1   Cellular  component  movement   INPP5d, CSF3R, DST, P2RY6, PROS1, ABI1, LIMK1, ABI3, GAB1, SLC7A8,  TGFBR1, GAS6, TGFBR2, MERTK, ICAM1, TNFRSF11A, TGFB1, RGMB,  SEMA4D, FSCN1   TREM2, CCL2, IL1B, ITGAX, PTPRM, VEGFA, CNTN1, SPP1,  CXCL16, APOE, TNF, CSF1, PGRMC1   Cell migration  INPP5d, CSF3R, P2RY6, PROS1, ABI1, LIMK1, ABI3, GAB1, SLC7A8, TGFBR1,  GAS6, TGFBR2, MERTK, ICAM1, TNFRSF11A, TGFB1, SEMA4D, FSCN1   CCL2, IL1B, ITGAX, PTPRM, VEGFA, CNTN1, SPP1, CXCL16,  APOE, TNF, CSF1   Cell motility  INPP5d, CSF3R, PROS1, SLC7A8, GAS6, MERTK, ICAM1, TNFRSF11A, DST  CCL2, IL1B, ITGAX Differentially regulated pathways in Trem2 À/À microglia isolated from adult mice. Enrichment of 122 differentially regulated genes in the Gene Ontology (GO) category biological process by the GeneRanker (Genomatix). Significantly overrepresented GO terms with an adjusted P-value < 0.05 were deduced. An adjusted P-value was estimated from the result of 1,000 simulated null hypothesis queries according to Berriz et al [67] .
for AD and ALS, many genes typically expressed under physiological conditions such as Csf1r, Cx3cr1, Tmem119, Tgfbr1, P2ry12 or Il10ra are selectively downregulated [49, 50] . Since apparently microglia lacking TREM2 are unable to respond to various types of chemo-attractants and neuronal injury, we asked whether in Trem2 À/À microglia the homoeostatic mRNA signature is preserved. 
Microglia were analysed for changes in the expression of selected homoeostatic genes using the above-described NanoString-based chips [15] (Fig 6A) . This revealed that expression of homoeostatic genes was not suppressed but rather fully maintained and even slightly but significantly increased (Fig 6B) .
Discussion
Microglia are the resident macrophages of the central nervous system and play a pivotal role in synaptic pruning and apoptotic cell clearance during development of the nervous system [51] [52] [53] [54] [55] [56] . In the adult brain, microglia are of central importance for brain homoeostasis. Furthermore, in almost all neurodegenerative disorders, microgliosis is a major pathological hallmark although it is not entirely clear whether activated microglia drive or slow disease progression. Increasing evidence for a pathological role of microglia in onset and progression of neurodegenerative diseases is derived from genomewide association studies, which led to the identification of TREM2 and other microglia-related risk genes [7, 11] . Certain mutations in TREM2 inhibit its maturation and transport to the cell surface and result in reduced phagocytosis, lipid sensing and ApoE binding, thus clearly indicating a loss of function [17, [19] [20] [21] [22] [23] . A loss of function of TREM2 in disease is further supported by null mutations in TREM2 and its binding partner DAP12, which are causative for Nasu-Hakola disease [57] . However, the molecular and cellular mechanisms responsible for dysfunctional microglia in the absence of TREM2 are not well understood. Understanding such consequences will help to unravel the physiological and pathological function of TREM2 and may open new avenues for therapeutic modulation of neurodegenerative disorders. Moreover, systems analyses may shed light on the important question whether EMBO reports TREM2 deficiency impairs chemotaxis Fargol Mazaheri et al microglia prevent or promote disease progression. To obtain insights into Trem2-associated functional pathways, we isolated microglia from brains of WT or Trem2 À/À mice using previously characterized highly selective antibodies [15] and compared their homoeostatic mRNA signature using the NanoString technology. We found that in the absence of Trem2, the homoeostatic signature was not suppressed, since many of the characteristic genes found to be expressed under resting conditions were expressed at even slightly higher levels. Interestingly, one of the genes whose expression is even slightly upregulated is Sall1. Sall1 acts to maintain microglial identity in vivo, and its inactivation leads to the conversion of microglia from resting into an inflammatory state [58] . Thus, failure of Sall1 suppression in the absence of Trem2 may further stabilize a resting state of microglia. Moreover, microglia deficient for Trem2 showed a significant increase in TGFbr1. TGFb1 signalling is required for maintaining the unique molecular signature that is characteristic for adult resting microglia in vivo [15] . Furthermore, expression of TGFbr1 is downregulated in a mouse model for familial amyotrophic lateral sclerosis (ALS) as well as in human sporadic and familial ALS [48] . Based on these findings, we predict that a loss of function of Trem2 may lock microglia in a resting state and prevents them from being activated. Since several loss-of-function A Heat map demonstrating altered expression levels of microglial genes in FACS-sorted microglia from WT and Trem2 À/À mice as determined by NanoString analysis.
Heat map and hierarchical clustering of microglia were analysed with the MG400 chip. Results were log-transformed, normalized and centred, and populations and genes were clustered by Pearson correlation using MeV v4.6. B Expression levels of homoeostatic microglial genes in FACS-sorted microglia derived from WT and Trem2 À/À mice as determined by NanoString analysis. Bars show levels of mRNA transcripts in the respective models normalized to six independent housekeeping genes. Values indicate mean AE s.e.m. per 100 ng of total RNA. *P < 0.05, **P < 0.01, ***P < 0.001 by two-tailed Student's t-test. P-values: Trem2 À/À versus WT, Bin1 *P = 0.012, Cx3cr1 *P = 0.012, Il10ra ***P = 0.001, Mertk ***P = 0.002, Olfml3 **P = 0.005, P2ry12 *P = 0.011, Sall1 **P = 0.005, Tgfbr1 **P = 0.006, Tmem119 *P = 0.02, Csf1r P = 0.081, Gpr34 P = 0.505, Rhob P = 0.164, Siglech P = 0.062. Data were generated from the same samples as in Fig 1; WT
Source data are available online for this figure.
EMBO reports Vol 18 | No 7 | 2017 ª 2017 The Authors EMBO reports TREM2 deficiency impairs chemotaxis Fargol Mazaheri et al variants of TREM2 are associated with neurodegenerative conditions in humans, this also suggests that a normal function of TREM2 may be a protective response, which could be involved in slowing disease progression. This is in line with the finding that sTREM2 increases during healthy ageing, which may reflect an increase of TREM2 function via enhanced TREM2 levels on the cell surface [24, 27, 59] . Moreover, sTREM2 was even further enhanced in asymptomatic stages of patients of the DIAN cohort [27] and in patients with very mild cognitive impairment in a sporadic AD cohort [24] . The increase of sTREM2 was also associated with increased CSF levels of total tau and phosphorylated tau suggesting that TREM2 expression and function may be stimulated by injured neurons and that the failure to appropriately respond to such injuries may be associated with accelerated disease progression. Moreover, failure of Trem2 À/À microglia to appropriately respond to chemotactic stimuli, which we confirmed by a wide variety of independent assays, is also in line with a protective function of WT TREM2. This is also consistent with the observation that microglia fail to cluster around amyloid plaques in the absence of Trem2 [31, 60, 61] . Moreover, treatment of microglia with TGFb1 attenuates microglial migration towards aggregated amyloid b-peptide by dysregulating chemotactic genes [62] . This finding is consistent with the upregulation of Tgfbr1 in the absence of Trem2 and our prediction that microglia are locked in a resting state when Trem2 is absent or dysfunctional due to disease-associated sequence variants. However, we performed all phenotypic analyses in the complete absence of Trem2. It therefore remains to be shown if single ADassociated point mutations expressed at the endogenous level would also result in similar loss-of-function phenotypes.
Materials and Methods
Animal experiments and licence
The Cx3cr1 GFP/GFP reporter line [36] was obtained from the Jackson Laboratory and bred with C57BL/6J WT to obtain CX 3 CR1
+/GFP mice. Iba1-GFP mice are described in [44] . Hemizygous APPPS1 mice overexpressing human APP KM670/ 671NL and PS1 L166P under the control of the Thy-1 promoter (line 21) were kindly provided by Mathias Jucker (Hertie-Institute for Clinical Brain Research, University of Tü bingen and DZNE-Tübingen) [35] and bred in a C57BL/6J background. Trem2 KO mice were kindly provided by Marco Colonna (Washington University, School of Medicine) [63] .
All animal experiments were performed in accordance with local animal handling laws.
Microglia isolation
For microglia isolation, adult male mice (3.5-4 months) were sacrificed by CO 2 followed by a cervical dislocation. Brains were homogenized in HBSS by mechanical dissociation; cell suspensions were filtered through a 100-lm cell strainer and separated in a 40-70% Percoll gradient (GE Healthcare). Mononuclear cells were collected from the interface and washed once with blocking buffer (0.2% bovine serum albumin in HBSS). These cells were then stained sequentially with monoclonal FCRLS [15] and CD11b antibodies (BD Biosciences) and sorted using a Becton Dickinson FACSARIA II cell sorter. Total RNA was isolated and gene expression profiling was performed using the NanoString technology as described [15, 48] .
Data normalization and analysis
Gene expression levels in each sample were normalized against the geometric mean of six housekeeping genes including Cltc, Gapdh, Gusb, Hprt1, Pgk1 and Tubb5. Based on the normalized gene expression levels of NanoString-based chips, a two-tailed Student's t-test assuming equal variance was applied to each gene to compare the difference between the Trem2 À/À group consisting of seven mice and the WT group consisting of five mice. A false discovery rate (FDR) for each P-value was calculated according to Benjamini and Hochberg [64] by using p.adjust (method = "BH") in R statistical software (www.r-project.org). Entrez Gene IDs of genes which show P < 0.05 were then imported into the GeneRanker program from Genomatix (Munich, Germany) by using the database versions ElDorado 12-2013 and Genomatix Literature Mining 11-2013 to perform an enrichment analysis on the Gene Ontology (GO) functional categories.
Organotypic slice cultures and ex vivo migration assay
Organotypic slice cultures were performed and immunostained as described by Daria et al [34] . In the co-culture paradigm, two slices of young P5 tissue (WT, Trem2 À/À or Cx3cr1
) were plated together with two slices of old (10-12 months) APPPS1 tissue. The migration distance was measured 7 days after the culturing ex vivo. The migration distance was measured using Fiji [65] by drawing a line between the migrated cell and the slice culture border. In total, up to 550 (WT) and 400 (Trem2 À/À ) cells were analysed from eight slices (four mice per genotype).
Cell migration in transwell assays
N9 cells [39] and the CRISPR/CAS9-generated TREM2 mutant cell line were described before [40] . Re-expression of WT TREM2 in TREM2 knockout cells was achieved by transfecting N-terminal tagged full-length murine Trem2 in a pcDNA3.1 vector. Twenty-four hours after transfection, cells were selected with 200 lg/ml Zeocin for 2 weeks. Single-cell clones were cultured in media containing 100 lg/ml Zeocin medium, followed by Western blot analysis.
N9 cell migration towards 100 ng/ml of recombinant murine JE/ MCP-1 (CCL2); Peprotech) or 20 ng/ml of recombinant murine complement component C5a (R&D Systems) was tested in transwell assays (COSTAR 24-well plate with inserts, 8-lm pore, Corning, NY). For Syk inhibition, cells were incubated overnight in 50 lM genistein (Sigma) or piceatannol (Tocris).
For the transwell assays, 600 ll media (DMEM complemented with GlutaMAX TM (Life Technologies)) together with the attractant were added to the bottom well and 5 × 10 5 cells were cultured in 100 ll media in the top well. Migration was assayed for 2 h at 37°C and 5% CO 2 . Subsequently, inserts were removed and washed three times with PBS. Cells were then fixed with 4% PFA for 15 min, followed by permeabilization with PBS containing 0.2% Triton X-100. Stationary cells were removed from the top, and cells that migrated through the filter to the lower side of the transwell filter were stained with DAPI and images were taken. Two fields for each well were selected for imaging, and the migrated cells were quantified using Fiji software.
Stereotactic injection of apoptotic neurons
To induce apoptosis, neurons were carefully detached from the plate surface by repeated washes with PBS. Neurons were irradiated with UV light (302 nm) with an intensity of 6 × 15 W for 15 min. Cells were harvested by centrifugation, and the pellet processed for downstream applications. Neurons were incubated for 15 min at 37°C with 2 ll of the labelling dye (Alexa488 5-SDP Ester or Alexa405 5-SDP, Life Technologies). To block and capture residual dye, cells were resuspended in 1 ml FBS and washed twice with PBS. Total apoptotic cell number was determined using trypan blue staining and resuspended at a density of~100,000 cells per 2 ll for stereotactic injection. Mice were anesthetized by i.p. injection of a mixture of ketamine (100 mg/kg), xylazine (10 mg/kg) and acepromazine (3 mg/kg); 2 ll of Alexa488-labelled apoptotic neurons or saline solution was distributed intrahippocampal and intracortical bilaterally (Y: AE 1.5 mm; X: À2 mm; Z: À2 mm and À1 mm) using stereotaxic equipment (Harvard Apparatus). After recovery from surgery, animals were returned to their home cages. Postsurgery (16 h), mice were euthanized by CO 2 inhalation and perfused for subsequent experiments. For histological analyses of microglia migration towards Alexa 488-labelled and injected apoptotic neurons, brains were perfused with ice-cold HBSS, fixed in 4% buffered formalin and subsequently embedded in paraffin. Stepwise sections were taken and paraffin sections (3 lm) were collected when the injection channel was clearly visible. After dewaxing, antigen retrieval was performed by boiling the sections for 30 min in 10 mM citrate buffer, pH 6.0. Sections were washed, permeabilized with 0.2% Triton X-100 (Roche) in TBS and blocked for 1 h (Protein-Free T20 (TBS) Blocking buffer #37071 Thermo Fischer). The microglia-specific antibody P2ry12 [15] was incubated in blocking buffer overnight at 4°C with constant shaking, followed by intensive washing and incubation with an Alexa-555-coupled anti-rabbit secondary antibody for 1 h. Sections were washed again and mounted with DAPI-Fluoromount-G (SouthernBiotech). Data acquisition was performed using a Leica Sp5 confocal microscope and Leica application suite software (LAS-AF-lite).
In vivo imaging of process outgrowth
To image the microglia process outgrowth upon laser lesion in controlled conditions, cranial windows were implanted over the somato-sensory cortex of Iba1-GFP WT and Iba1-GFP/Trem2 À/À mice 14 days prior to imaging and laser lesion induction (for details, see [66] ). On the day of imaging, animals were anaesthetized using a mixture of medetomidine, midazolom and fentanyl (MMF; 150-200 ll/kg) 30 min prior to the start of the experiment. Laser lesions of~150 lm length were performed 30 lm below the cortical surface, and the microglia response was recorded every 5 min for 90 min over an area of 250,000 lm 2 from the cortical surface to 70 lm depth.
The extension of individual processes was tracked using the mTrackJ plug-in of the Fiji software [65] package. Briefly, cells located in a field of 20,000, 60,000 or 120,000 lm 2 (immediate, intermediate and distant areas, respectively) around the injury were selected for manual tracking. The data were exported to Excel for analysis, and the mean velocity of the extension was calculated for each microglia process. More than 200 outgrowing tracks from a minimum of three independent experiments were analysed for each experimental condition manner. Data analysis was confirmed by independent co-workers in a blinded manner.
MG400 microglia nCounter chip design
The MG400 chip was designed using the quantitative NanoString nCounter platform. Selection of genes is based on analyses that identified genes and proteins, which are specifically or highly expressed in adult mouse microglia [15] .
Expanded View for this article is available online. SB assisted with cell sorting. OB, CM and SK conducted the NanoString analysis and injection of apoptotic neurons.
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